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(67)  This method for manufacturing trichlorosilane,
includes: reacting metallurgical grade silicon with silicon
tetrachloride and hydrogen so as to obtain areaction gas;
condensing the reaction gas so as to obtain a conden-
sate; and distilling the condensate using a distillation sys-
tem including a first distillation column and a secondary
distillation column so as to refine trichlorosilane. While
maintaining the condensate in a high temperature state

Method for manufacturing trichlorosilane

so that a concentration of aluminum chloride in the con-
densate becomes in a range of a saturation solubility or
less, the condensate flows to the first distillation column.
A liquid distilled in the first distillation column is distilled
by the secondary distillation column so as to refine trichlo-
rosilane. A liquid in which aluminum chloride is concen-
trated is extracted from a bottom portion of the first dis-
tillation column. The extracted liquid is concentrated and
dried, and then aluminum chloride is exhausted.
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Description
BACKGROUND OF THE INVENTION
Field of the Invention

[0001] The present invention relates to a method for
manufacturing trichlorosilane which is a raw material of
polycrystalline silicon.

The present application claims priority on Japanese Pat-
ent Application No. 2011-143123, filed on June 28, 2011,
the content of which is incorporated herein by reference.

Background Art

[0002] High-purity polycrystalline silicon used as a
semiconductor material is mainly manufactured by the
following method (the Siemens process). At first, trichlo-
rosilane (SiHCI4: TCS) and hydrogen (H,) are mixed so
as to obtain a mixed gas of the raw materials. The mixed
gas is introduced to a reactor so as to be brought in con-
tact with heated silicon rods. Polycrystalline silicon is de-
posited on the surfaces of the silicon rods by reactions
due to hydrogen reduction and thermal decomposition
of trichlorosilane at high temperatures.

[0003] In this manufacturing of the high-purity poly-
crystalline silicon, gases exhausted from the reactor con-
tain unreacted trichlorosilane, unreacted hydrogen, sili-
con tetrachloride (SiCl,: STC), hydrogen chloride, and
the like as a byproduct. Therefore, the exhausted gases
after the reaction are cooled so as to obtain a non-con-
densed component including hydrogen and a conden-
sate including silanes. Then, hydrogen is recovered from
the non-condensed components, and the condensate is
distilled so as to recover trichlorosilane and silicon tetra-
chloride.

[0004] Subsequently, silicon tetrachloride obtained
through the distillation is used to react with metallurgical
grade silicon and hydrogen, and the reaction gas is
cooled so as to obtain a condensate. The obtained con-
densate is distilled and refined so as to obtain trichlorosi-
lane. Trichlorosilane obtained through this process is re-
used as a raw material for polycrystalline silicon deposi-
tion.

[0005] In Japanese Unexamined Patent Application,
First Publication No. H10-29813, a technique is disclosed
in which silicon particles (metallurgical grade silicon), sil-
icon tetrachloride, and hydrogen are reacted with each
other in a fluidized bed at high temperatures in the pres-
ence of a catalyst containing copper silicide so as to con-
vert silicon tetrachloride into trichlorosilane.

In addition, in the gas produced by this conversion reac-
tion, unreacted silicon tetrachloride and unreacted hy-
drogen are contained together with the produced trichlo-
rosilane. Powder of metallurgical grade silicon used as
the raw material, and metal chlorides produced through
reactions with otherimpurities (Fe, Al, Ti, Ni, and the like)
contained in metallurgical grade silicon are also con-
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tained in the gas. Among the metal chlorides, aluminum
chloride (AICl3) has a relatively low sublimation point;
and therefore, aluminum chloride becomes a cause of
clogging or corrosion of pipes. Therefore, aluminum chlo-
ride and the like are extracted and exhausted from a col-
umn bottom of a distillation column when trichlorosilane
is recovered from a conversion reaction gas. In addition,
in order to prevent clogging of pipes between a converter
to the distillation column, the concentration of aluminum
contained in metallurgical grade silicon of the raw mate-
rialis controlled to be lower than a predetermined amount
(refer to Japanese Unexamined Patent Application, First
Publication No. 2006-1804).

[0006] In the method for manufacturing trichlorosilane
using metallurgical grade silicon as the raw material ac-
cording to the conventional art, as disclosed in Japanese
Unexamined Patent Application, First Publication No.
2006-1804, the concentration of aluminum in metallurgi-
cal grade silicon needs to be strictly controlled. However,
there is a problem in that reducing of impurities in met-
allurgical grade silicon causes an increase in manufac-
turing costs of the raw material and a restriction of vari-
eties of the raw material.

[0007] The present invention is designed to solve the
above-mentioned problems. An object of the present in-
vention is to provide a method for manufacturing trichlo-
rosilane which is capable of efficiently removing alumi-
num chloride without being restricted by the concentra-
tion of impurities in the raw material of metallurgical grade
silicon and without causing clogging of pipes and the like.

SUMMARY OF THE INVENTION

[0008] A method for manufacturing trichlorosilane ac-
cording to an aspect of the present invention includes:
reacting metallurgical grade silicon with silicon tetrachlo-
ride and hydrogen so as to obtain a reaction gas; con-
densing the reaction gas so as to obtain a condensate;
and distilling the condensate using a distillation system
including a first distillation column and a secondary dis-
tillation column so as to refine trichlorosilane. The con-
densate is maintained in a high temperature state so that
a concentration of aluminum chloride in the condensate
becomes in a range of a saturation solubility or less. The
condensate flows to the first distillation column while
maintaining the high temperature state. A liquid distilled
in the first distillation column is distilled by the secondary
distillation column so as to refine trichlorosilane, and a
liquid in which aluminum chloride is concentrated is ex-
tracted from a bottom portion of the first distillation col-
umn. The extracted liquid is concentrated and dried, and
then a solid content including aluminum chloride is ex-
hausted.

[0009] When the reaction gas is cooled to obtain the
condensate, there is a concern that aluminum chloride
contained in the reaction gas may be precipitated. How-
ever, the concentration of aluminum chloride in the con-
densate is, for example, in a range of 2 mass% or less
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which is low. Therefore, by maintaining the condensate
in the high temperature state so that the concentration
of aluminum chloride becomes in a range of the satura-
tion solubility or less, aluminum chloride can be dissolved
in the condensate at the high temperature. Therefore,
the condensate is maintained in the high temperature
state so that the concentration of aluminum chloride be-
comes in a range of the saturation solubility or less; and
thereby, aluminum chloride is dissolved therein. The con-
densate flows to the first distillation column in a state
where aluminum chloride is dissolved therein. Accord-
ingly, the occurrence of clogging of pipes and the like is
prevented. Then, aluminum chloride is separated from
the liquid extracted from the first distillation column, and
aluminum chloride is concentrated and dried, and there-
after, exhausted.

[0010] In the method for manufacturing trichlorosilane
according to the aspect of the present invention, when
the extracted liquid is concentrated and dried, the ex-
tracted liquid may flow down below from the first distilla-
tion column so as to be supplied to a concentrator, and
aconcentrate may be transferred downward from a lower
side of the concentrator so as to be supplied to a drier.
The liquid extracted from the bottom portion of the first
distillation column contains aluminum chloride. Since the
concentration of aluminum chloride is increased in the
liquid, aluminum chloride is more likely to be precipitated.
Therefore, each of the extracted liquid from the first dis-
tillation column and the concentrate in the concentrator
is transferred so as to flow and drop downward; and
thereby, clogging of pipes connecting the distillation col-
umns, the concentrator, and the drier is less likely to oc-
cur.

[0011] In the method for manufacturing trichlorosilane
according to the aspect of the present invention, a reboil-
er of the first distillation column may be driven so that an
amount of circulated liquid becomes in a range of 20%
or more of an amount of introduced liquid.

Inthe reboiler, the liquid extracted from the first distillation
column is heated and returned to the first distillation col-
umn; and thereby, the liquid is circulated between the
reboiler and the first distillation column. Here, since a
part of the liquid is evaporated and gasified due to the
heating, there is a concern that the remaining liquid may
be concentrated in the reboiler to precipitate aluminum
chloride. Therefore, by maintaining the amount of circu-
lated liquid to be in a range of 20% or more of the amount
of introduced liquid, precipitation of aluminum chloride is
suppressed,; and thereby, the liquid can be circulated in
a state where the aluminum chloride is dissolved.
[0012] In the method for manufacturing trichlorosilane
according to the aspect of the present invention, the re-
action gas is changed into the condensate at the high
temperature, and the condensate is maintained at the
high temperature; and thereby, aluminum chloride is in
the state of being dissolved in the condensate at the high
temperature. Since the condensate in a state where alu-
minum chloride is dissolved flows to the first distillation
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column, the occurrence of clogging of pipes and the like
is prevented. In addition, since there is no limitation on
the impurity concentrations and varieties of the raw ma-
terial, inexpensive metallurgical grade silicon can be
used, and furthermore, a stable operation can be
achieved.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] FIG 1is aschematic diagramillustrating the en-
tirety of an apparatus for conducting a method for man-
ufacturing trichlorosilane of according to an embodiment
of the present invention.

PREFERRED EMBODIMENTS

[0014] Hereinafter, embodiments of a method for man-
ufacturing trichlorosilane of the present invention will be
described.

FIG 1 illustrates a schematic configuration of an appara-
tus for manufacturing trichlorosilane. In the figure, met-
allurgical grade silicon is denoted by MeSi, trichlorosilane
is denoted by TCS, silicon tetrachloride is denoted by
STC, and hydrogen is denoted by H,.

[0015] The apparatus 1 for manufacturing trichlorosi-
lane includes a converter 2, a heater 3, a dust remover
4 such as a cyclone or the like, a heat exchanger 5, a
condensation system 6, a distillation system 7, and a
residue processing system 8. In the converter 2, silicon
tetrachloride reacts with metallurgical grade silicon and
hydrogen so as to produce chlorosilanes including
trichlorosilane. The heater 3 heats a mixed gas of silicon
tetrachloride and hydrogen and supplies the mixed gas
to the converter 2. In the dust remover 4, solid contents
such as powder of metallurgical grade silicon and the like
are removed from the reaction gas discharged from the
converter 2. In the heat exchanger 5, the reaction gas
passing through the dustremover 4 exchanges heat with
the mixed gas containing silicon tetrachloride and hydro-
gen before being supplied to the heater 3. In the conden-
sation system 6, the reaction gas after the heat exchange
is cooled so as to be separated into a gas containing
hydrogen and a condensate. In the distillation system 7,
the condensate is distilled so as to be refined into trichlo-
rosilane and silicon tetrachloride. In the residue process-
ing system 8, a liquid extracted from the bottom portion
of the distillation column and containing aluminum chlo-
ride is concentrated and dried. Then, solid contents are
exhausted.

[0016] Metallurgical grade silicon supplied to the con-
verter 2 has a granular form, and the converter 2 causes
metallurgical grade silicon, hydrogen, and silicon tetra-
chloride to be broughtin contact and react with each other
in a fluidized state. The reaction in the converter 2 is an
endothermic reaction, and hydrogen and silicon tetra-
chloride are supplied in a state of being heated to a re-
action temperature by the heater 3 in advance.

The condensation system 6 includes a cooling column
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11 and a cooler 12. In the cooling column 11, the reaction
gas is cooled while being gas-liquid contacted with a sil-
icon tetrachloride liquid. In the cooler 12, the gas dis-
charged from the cooling column 11 is further cooled.
Hydrogen passing through the cooler 12 is used as a part
of the raw material gas. The condensate produced by
the cooling is circulated through the cooling column 11
so as to be used for contacting with the reaction gas. In
this case, the condensation system 6 is held at a high
pressure, and steam heat tracing tubes laid along steam
pipes are used as pipes. Thereby, the circulated conden-
sate is maintained at a temperature described later.
[0017] The distillation system 7 includes a first distilla-
tion column 13 and a secondary distillation column 15.
In the first distillation column 13, a liquid is extracted from
the bottom portion of the column, and the liquid contains
chlorides such as aluminum chloride and the like exclud-
ed from the condensate supplied from the condensation
system 6. In addition, trichlorosilane and silicon tetrachlo-
ride are distilled. In the secondary distillation column 15,
a liquid passing through the first distillation column 13 is
distilled.

In addition, the residue processing system 8 is connected
to thefirstdistillation column 13. In the residue processing
system 8, an evaporator 16 and a drier 17 are included.
In the evaporator 16, the liquid containing aluminum chlo-
ride and remaining in the bottom portion of the column
is extracted and boiled down. Thereby, chlorosilanes are
evaporated. A concentrate is collected in the bottom por-
tion by the evaporation of chlorosilanes in the evaporator
16. In the drier 17, the concentrate is dried. In this case,
the first distillation column 13, the evaporator 16, and the
drier 17 are disposed and aligned in a vertical direction,
and the first distillation column 13, the evaporator 16, and
the drier 17 are connected through vertical pipes 18 and
19. A condenser 21 is connected to the evaporator 16
and the drier 17, and the condenser 21 liquefies the pro-
duced vapor of chlorosilanes and sends the liquefied va-
por to the secondary distillation column 15.

[0018] Next, the method for manufacturing trichlorosi-
lane by the apparatus 1 for manufacturing trichlorosilane
will be described, the method being divided into a con-
version reaction process, a subsequent chlorosilane re-
fining process, and a residue processing process. Here,
residues include the extracted liquid that is produced in
the chlorosilane refining process and is extracted from
the bottom portion of the distillation column.

(Conversion Reaction Process)

[0019] Metallurgical grade silicon, silicon tetrachloride,
and hydrogen are used as raw materials. Metallurgical
grade silicon is silicon in a granular form obtained by
refining silica (SiO,) so as to have a purity of about 98%.
Particularly, a mixed gas containing silicon tetrachloride
and hydrogen is heated before being supplied to the con-
verter 2. At first, the mixed gas exchanges heat with the
reaction gas discharged from the converter 2 by the heat

10

15

20

25

30

35

40

45

50

55

exchanger 5. Thereafter, the mixed gas is heated to a
temperature of, for example, 580°C or higher by the heat-
er 3, and then the heated mixed gas is supplied to the
converter 2.

On the other hand, metallurgical grade silicon is contin-
uously supplied into the converter 2, and a fluidized state
is formed by the heated mixed gas. The mixed gas reacts
with metallurgical grade silicon; and thereby, a reaction
gas containing trichlorosilane is produced. In this case,
a copper-based catalyst such as copper chloride (CuCl)
or the like is used as a reaction catalyst.

(Chlorosilane Refining Process)

[0020] As described above, in the conversion reaction
gas produced in the conversion reaction process, unre-
acted silicon tetrachloride and unreacted hydrogen are
included together with trichlorosilane. In addition, the
conversion reaction gas further includes fine powder of
metallurgical grade silicon, metal chlorides which are pro-
duced through reactions with impurities (Fe, Al, Ti, Ni,
and the like) in metallurgical grade silicon, compounds
having high boiling points, and the like.

[0021] In the dustremover 4, dusts such as powder of
metallurgical grade silicon and the like are removed from
the gas after the conversion reaction. The conversion
reaction gas passes through the above-described heat
exchanger 5, and then the conversion reaction gas is
sent to the condensation system 6. In the condensation
system 6, the conversion reaction gas is gas-liquid con-
tacted with silicon tetrachloride in the cooling column 11,
and then the conversion reaction gas is cooled by the
cooler 12. Thereby, the conversion reaction gas is sep-
arated into a gas containing hydrogen and a condensate
containing silicon tetrachloride and trichlorosilane. The
gas containing hydrogen is recovered, and the conden-
sate is returned to the cooling column 11.

Here, the interiors of the cooling column 11, the cooler
12, and the pipes therebetween are maintained at high
temperatures. The condensate is maintained at 75°C or
higher in the cooling column 11, and the condensate in
the cooler 12 is maintained at 40°C or higher.

[0022] Next, the condensate is sent to the subsequent
distillation system 7 from the cooling column 11 in a state
where the temperature is maintained at 75°C or higher.
In the distillation system 7, at first, trichlorosilane and
silicon tetrachloride are distilled by the first distillation col-
umn 13. In addition, in a reboiler 20 provided in the first
distillation column 13, the liquid extracted from the first
distillation column 13 is heated, and the heated liquid is
returned to the first distillation column 13. Thereby, the
liquid is circulated between the reboiler 20 and the first
distillation column 13. Here, the amount of the circulated
liquid is set to be in a range of 20% or more of an amount
of a liquid introduced to the reboiler 20.

Then, the liquid distilled by the first distillation column 13
is sent to the secondary distillation column 15. The liquid
is distilled by the secondary distillation column 15; and
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thereby, trichlorosilane and silicon tetrachloride are re-
covered. The silicon tetrachloride is used as a part of the
raw material, and the trichlorosilane is supplied for man-
ufacturing polycrystalline silicon.

(Distillation Residue Processing Process)

[0023] The liquid extracted from the bottom portion of
the first distillation column 13 in the distillation system 7
is extracted via the vertical pipe 18, and the liquid is sent
to the evaporator 16. In the evaporator 16, a slurry of the
residue is boiled down; and thereby, chlorosilane is evap-
orated. The chlorosilane vapor is liquefied by the con-
denser 21, and the liquefied chlorosilane is supplied to
the secondary distillation column 15 together with the
distillated liquid of the first distillation column 13 so as to
be distilled. On the other hand, the slurry liquid containing
solid contents such as aluminum chloride and the like is
concentrated and collected in the bottom portion of the
evaporator 16. When a predetermined amount of the con-
centrate is collected, the concentrate is sent to the drier
17 via the vertical pipe 19 therebelow, and the concen-
trate is dried in the drier 17. The solid contents produced
by the drying are scraped out by a scraping apparatus
such as a screw feeder or the like, and then the solid
contents are exhausted. In addition, a chlorosilane vapor
is produced even in the drier 17, and the chlorosilane
vapor is also liquefied in the condenser 21 together with
the chlorosilane vapor from the evaporator 16. Thereaf-
ter, the liquefied chlorosilane is supplied to the secondary
distillation column 15 together with the distilled liquid of
the first distillation column 13 so as to be distilled. Here,
the residues of the secondary distillation column 15 main-
ly contain polymers. The residues are exhausted, and
then are subjected to processes such as decomposition
and the like.

[0024] As described above, in the method for manu-
facturing trichlorosilane, the reaction gas containing alu-
minum chloride produced in the converter 2 is sent to the
condensation system 6 in a gas state at high tempera-
tures. The temperature of the reaction gasis about 300°C
even though the temperature thereof is lowered in the
heat exchanger 5, and aluminum chloride is maintained
in a sublimated state. Therefore, aluminum chloride is
not precipitated in the pipes from the converter 2 to the
condensation system 6.

In addition, in the condensation system 6, the condensate
in the cooling column 11 is maintained at 75°C or higher,
and the condensate in the cooler 12 is maintained at40°C
or higher. The saturation solubility of aluminum chloride
at 75°C is 2.0 mass%, and the saturation solubility of
aluminum chloride at 40°C is 0.5 mass%. In contrast, the
concentration of aluminum chloride in the condensate
has a sufficiently lower value (0.007 mass% in the cooling
column 11and 0.005 mass% in the cooler 12). Therefore,
aluminum chloride is maintained in a state of being dis-
solved in the condensate.

[0025] Next, the condensate is sent from the cooling
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column 11 to the first distillation column 13 of the distil-
lation system 7 in the state where aluminum chloride is
dissolved. The inside of the first distillation column 13 is
maintained at a high temperature, and the concentration
of aluminum chloride is low because a large amount of
the liquid is present at or in the vicinity of the inlet port of
the reboiler 20. However, the liquid is concentrated at or
in the vicinity of the outlet due to the evaporation, and
the concentration of aluminum chloride is increased. As
a result, there is a concern about precipitation of alumi-
num chloride. As described above, in the reboiler 20, an
amount of 20% or more of the amount of the intake liquid
(amount of introduced liquid) is controlled to be circulated
and not to be evaporated. Thereby, the concentration of
aluminum chloride can be maintained at the concentra-
tion of the saturation solubility or less even though the
liquid is concentrated; and as a result, precipitation of
aluminum chloride is suppressed.

[0026] The liquid extracted from the bottom portion of
the first distillation column 13 is sent to the evaporator
16 via the vertical pipe 18. In the evaporator 16, the con-
centrate in the slurry form is collected, and then the con-
centrate is flowed and dropped downward at once in a
batch type manner so as to send the concentrate to the
drier 17 through the vertical pipe 19. Thereby, clogging
of the vertical pipe 19 is prevented.

Finally, the concentrate is dried by the drier 17, and solid
contents containing aluminum chloride are scraped out
by the screw feeder or the like.

[0027] As described above, in the method for manu-
facturing trichlorosilane, the concentrate of the reaction
gas from the converter 2 is maintained in a high temper-
ature state. Thereby, precipitation of aluminum chloride
is suppressed, and the concentrate can flow to the first
distillation column 13 in a state where the aluminum chlo-
ride is dissolved. In addition, the extracted liquid from the
first distillation column 13 is concentrated and dried while
flowing and dropping downward in the vertical direction.
Therefore, itis possible to prevent the liquid from clogging
the pipes therebetween. As described above, aluminum
chloride is efficiently removed, and clogging of pipes of
the entire system can be prevented. Therefore, there is
no limitation on the impurity concentrations and varieties
of the raw material; and therefore, inexpensive metallur-
gical grade silicon can be used, and furthermore, the op-
eration can be stabilized.

The present invention is not limited to the above embod-
iments, and various modifications can be made without
departing from the claims of the present invention.

Brief Descriptions of the Symbols

[0028]
1 apparatus for manufacturing trichlorosilane
2 converter
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heater

dust remover

heat exchanger
condensation system
distillation system

residue processing system
cooling column

cooler

first distillation column
secondary distillation column
evaporator

drier

vertical pipe

reboiler

condenser

1. A method for manufacturing ftrichlorosilane, the
method comprising:

reacting metallurgical grade silicon with silicon
tetrachloride and hydrogen so as to obtain a re-
action gas;

condensing the reaction gas so as to obtain a
condensate; and

distilling the condensate using a distillation sys-
temincluding afirst distillation column and a sec-
ondary distillation column so as to refine trichlo-
rosilane,

wherein the condensate is maintained in a high
temperature state so that a concentration of alu-
minum chloride in the condensate becomes in
arange of a saturation solubility or less, and the
condensate flows to the first distillation column
while maintaining the high temperature state,
a liquid distilled in the first distillation column is
distilled by the secondary distillation column so
as to refine trichlorosilane, and a liquid in which
aluminum chloride is concentrated is extracted
from a bottom portion of the first distillation col-
umn, and

the extracted liquid is concentrated and dried,
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and then aluminum chloride is exhausted.

The method for manufacturing trichlorosilane ac-
cording to claim 1,

wherein, when the extracted liquid is concentrated
and dried, the extracted liquid flows down from the
first distillation column so as to be supplied to a con-
centrator, and a concentrate is transferred down-
ward from a lower side of the concentrator so as to
be supplied to a drier.

The method for manufacturing trichlorosilane ac-
cording to claim 1 or 2,

wherein a reboiler of the first distillation column is
driven so thatan amount of circulated liquid becomes
inarange of 20% or more of an amount of introduced
liquid.
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